Abstract: Quantities of house dust mite allergens, Der 1 and Der 2, extracted from artificially-reared Dermatophagoides farinae Hughes (Df) were compared. Relationships among the allergen levels, numbers of mites (1ῌ1,000 mites), and life stages (adult females and larvae) were analyzed. The mite samples were prepared with or without grinding. The adult females of D. pteronyssinus (Trouessart) (Dp) were also examined after grinding. The quantities of Der 1 and Der 2 were determined by ELISA using monoclonal antibodies. Overall, the allergen quantities increased depending on the numbers of mites. The Der 1 levels of 100 mites calculated were 34.6 (Df larvae) to 304 (Dp females) ng. The Der 2 levels per 100 mites were also equivalent to 85.2 (Df larvae) to 758 (Dp females) ng. The ratio of Der 1 : Der 2 was 1 : 0.95ῌ2.65. The Df females showed significantly higher levels of allergens than the larvae. The Dp females yielded larger amounts of Der 2 than Df females, but the di#erences in Der 1 were not significant. The commercialized test kits to inspect mite infestation detect Der 2. There is not a standard of Der 2 for allergen avoidance, so determination of Der 2 standard is required.
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House dust mites (HDMs), Dermatophagoides farinae Hughes (Df) and D. pteronyssinus (Trouessart) (Dp), are observed in domestic environments where humans live. These ubiquitous mites are considered to be the most significant source of allergens causing respiratory allergies and dermatitis in sensitive individuals (Miyamoto et al., 1968) . The Dermatophagoides mites have two groups of major allergens; group 1 (Der 1) derived from mite feces, and group 2 (Der 2) from mite bodies and shed exuviae. Although the Der 1 allergens that originate from Df and Dp are named Der f 1 and Der p 1, respectively, they have highly-homologous amino acid sequences (῎70῏), the same is true for Der 2 (Yasueda, 1997; Medawar, 2009) .
The World Health Organization (1988) proposed provisional standards for allergen avoidance. Der 1 levels of 2 mg/g dust is regarded as a risk factor for sensitization and development of asthma and 10 mg/g dust is considered a major risk factor for the development of acute asthma in mite-sensitized individuals. These Der 1 levels are regarded as equivalent to 100 and 500 mites/g dust, respectively.
Direct measurement of the HDM aller-gens in the house dust by techniques such as the enzyme-linked immunosorbent assay (ELISA) is recommended in order to determine the exact mite allergen levels. However, this assay requires special equipment and much time. Mite isolation and identification from house dust are other ways to determine the levels of the mite infestation. This conventional method requires highly skilled personnel. Some simplified detection methods have been commercialized to quickly examine the levels of HDM allergens. However, these methods can not quantify the amount of Der 1 nor the number of HDM. The index of mite infestation level is often expressed in mite population density, i.e. numbers of mites/g dust or mites/ m 2 (Suto et al., 1991; Hashimoto et al., 1998) .
In Japan, the mite infestation threshold for a school environment has been fixed by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) at a density of 100 mites/m
2 . An inspector must isolate the mites from house dust to compare with this value. In contrast, thresholds for the home environment proposed by the Ministry of Health, Labour and Welfare (MHLW) are fixed at 100 mites/m 2 , or 1,000 ng of Der 1/m 2 of bed clothing.
A bilateral threshold representing both the mite population density and allergen level can be a convenient index. Therefore, correspondence of mite population density to allergen quantity is essential information to estimate a mite infestation.
It is di$cult to elucidate the clear relationship between the numbers of HDM body and their allergens in the house dust or cultured medium, because the accumulation of allergens varies even when the dust samples have the same population densities of live mites (Suto et al., 1991; Hashimoto and Yoshimura, 2001) . Moreover, the thresholds proposed by WHO, MHLW and MEXT do not consider distinctions of in body sizes among mite species and the developmental stages.
In the current study, artificially-reared Dermatophagoides mites were adopted to provide basic information about the relationships among the allergen levels of Der 1 and Der 2, the mite species of Df and Dp, and the life stages of females and larvae.
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Mites. Both mite species, Df and Dp, used in this study were provided by the Department of Parasitology, Tokyo Women's Medical College, and were bred on powdered food for laboratory mice (MF, Oriental Yeast, Japan) conditioned at a moisture rate of 12῏ (w/w).
Sample Preparation. Approximately two grams of thriving mite cultures (῍30,000 live mites/g culture) were sprinkled on a glass petri dish and let stand for 1 to 5 minutes. Then the dish was turned upside down, and only the mites sticking to the dish were used. The mites on the dishes were rinsed in phosphate-bu#ered saline containing 0.05῏ Tween 20 (PBS-T) for 1 min, and filtrated with a polyester mesh [T-NO380T (opening 32 mm), NBC, Japan] to remove the extra medium and allergens from the outside of the mite bodies. The mites on the mesh were frozen in ῌ20῎ for 1ῌ3 days to kill the mites without denaturation of the allergen.
Specific numbers (1, 10, 100 or 1,000) of Df females or larvae were independently captured with a fine insect pin under the stereoscopic microscope and placed in a polypropylene micro tube (1.6 mL) containing 1 mL of PBS-T. The adult females were selected from the largest sized mites and the presence of a ventral epigynum, whereas larvae lack leg IV and have the smallest body size.
Only mites that appeared intact were collected.
The mites in the micro tube were ground with a micro tube mixer (Pellet Mixer, Tre# Lab, Swiss) for 1 min and labeled as "ground" treatment. Samples without grinding were also prepared and labeled as "intact" controls. The Dp adult females were ground for an interspecies comparison. Three samples at each concentration of mites were prepared in the same manner as replications.
ELISA. The quantities of Der 1 and Der 2 allergens in each suspension were determined with ELISA kits (EL-DF1, EL-DP1 and EL-D2, INDOOR biotechnologies, USA). These commercial kits contain species-specific mouse IgG monoclonal antibodies. The EL-D2 for Der 2 consists of Dp-immunized antibody as the 1st antibody and Df-immunized antibody as the 2nd antibody. Both antibodies bind to a common epitope on the Der f 2 and Der p 2 antigens. In this study, a new Universal Allergen Standard (ST-UAS; Lot 31012, INDOOR biotechnologies, USA) was used as the standard.
Measurements were carried out according to the manufacturer's instruction. Polystyrene microtiter plates (MaxiSorp, Nunc, Denmark) were used for the reaction. The quantities of allergens were calculated with a microplate manager software program (ver 5.2.1, Bio-Rad Laboratories, Japan).
Data Analysis. The geometric mean of 3 replications for each allergen quantity was calculated. For statistical analysis, the raw data (Der 1 and Der 2 in "ng") in the samples of 1,000 mites plus 0.1 were converted into logarithm values. The homogeneity of the samples was confirmed with the Bartlett test (n῍10, p῏0.05, c
Then multiple comparisons between the groups in the samples of 1,000 mites were made by Tukey-Kramer tests. The relationships between the quantities of Der 1 and Der 2 in each sample were examined by the Spearman correlation analysis.
R:HJAIH Table 1 shows the allergen levels obtained from each sample as the geometric mean. Distribution of allergen quantities reflecting individual replications are shown in Fig. 1 . The amounts of Der 1 and Der 2 allergens increased with an increase in the number of mites overall. It was di$cult to grind the samples of fewer mites to the same quality in the three replications. Therefore, allergen concen- Values represent the geometric means of 3 replications. NM: the allergen level was not measured because the level was below the detection limit (ῐ1 ng/mL). Fig. 1 . Correlation between the quantity of Der 1 and Der 2 allergens in each preparation, Df ῌ-ground, Df ῌ-intact, Df larvae-ground, Df larvae-intact, and Total. ῏ῌ 1 mite, ῑῌ 10 mites, ῎ῌ 100 mites, ῐῌ 1,000 mites The value of rs represents the Spearman rank correlation coe$cient, and asterisks (ῌῌ) indicate a significant correlation (p῍0.01).
trations fluctuated particularly in the 1 mite or 10 mite samples so the geometric standard deviation of the geometric mean was relatively larger in those samples. In addition, the allergen levels were not measured in several samples of 1 mite and 10 mite samples, because they were too low for the detection limit (῎1 ng/mL). For these reasons, the values for the 1,000 mite samples were adopted to compare the allergen levels to the numbers of mites. The allergen quantity per 100 mites calculated from the ground samples of 1,000 mites ranged from 34.6 (Df larvae) to 304 (Dp females) ng for Der 1, and from 85.2 (Df larvae) to 758 (Dp females) ng for Der 2. In the ground samples of 1,000 mites, the allergen levels, including Der 1 and Der 2, from Df females were statistically larger than for Df larvae (Tukey-Kramer test, pῌ0.01). The allergen levels of Df females were 3-(Der 2-ground) to 8-fold (Der 1-ground) higher than the larvae.
Grinding increased the allergen levels, but the di#erences in the values between ground samples and intact samples were not significant.
With regard to interspecies di#erences, ground Dp females yielded larger amounts of Der 2 than ground Df -females (pῌ 0.01), even though the di#erences in the Der 1 were not significant. Figure 1 also shows the relationships between the amount of Der 1 and Der 2 allergens at each mite density. In all combinations, the correlations (Spearman rank correlation coe$cients) between Der 1 and Der 2 were significant (pῌ0.01). The ratios of Der 1 : Der 2 for the samples of 1,000 mites were 1 : 0.95 for ground Df females, 1 : 2.35 for intact Df females, 1 : 2.46 for ground Df larvae, 1 : 2.65 for intact Df larvae, and 1 : 2.49 for ground Dp females.
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Relationships between the numbers of HDM body and their allergens in the house dust are inconstant. The house dust contains variable amounts of allergen from feces and exuviae. Therefore, the quantities of allergens from artificiallyreared mites were measured in this study.
Der 1 quantities per 100 mites in the sample of 1,000 ground mites ranged from 34.6ῌ304 ng in this study. This value was less than the WHO standard, i.e. 2,000 ng/ 100 mites. Yano et al. (2007) estimated that 100 Dermatophagoides mites were equivalent to 1,800ῌ3,700 ng of Der 1 in the school environment. We have occasionally experienced that the Der 1 quantity per 100 Dermatophagoides mites in actual house dust is closer to the WHO standard than the results of this study. This di#erence probably arose from the di#erent methods for preparation of the samples for extraction of the allergens. It is considerably more di$cult to collect mite bodies in house dust with a vacuum than their fecal particles. In addition, mite broken bodies or mite exuviae in the house dust are sometimes overlooked during the mite isolation process so the mite counts tend to be lower. Furthermore, the mites examined in this study were rinsed well before extraction, and the fecal pellets adhering to their body might have been removed. Therefore, most of the Der 1 allergens were derived from the mite gut and the gut contents. Medawar (2009) found group 1 allergens in not only fecal extracts, but also in whole body extracts.
Df female body size reaches ca. 400 mm, while larvae are not more than 200 mm in length. The ratios of females : larvae in the samples of the 1,000 mites were 1 : 0.12ῌ0.19 for Der 1and 1 : 0.213ῌ0.214 for Der 2. The emission of allergens from adult females was higher than from larvae. Suto et al. (1991) showed that the percent of Df females in a population was greater than 30῍, while the larval stage was constantly low (ῌ5῍) throughout the year. The mean duration of the larval stage was 8.2ῌ10.3 days for Df, and 10.7ῌ 14.8 days for Dp. On the other hand, the longevity of mated females was 50.0ῌ 123.5 days for Df, and 42.4ῌ72.0 days for Dp (Matsumoto et al., 1986) . In view of allergen emission and population structure of Df, female mites appear to be more important than larvae as sources of allergens. On the contrary, Dp females are slightly smaller (ca. 350 mm) than Df females. Nevertheless, the levels of Der 2 extracted from Dp was much higher than from Df. This was also observed in the samples of 10 and 100 mites, suggesting there may be a quantitative di#erence in Der 2 emission between Df and Dp. Der 2 may be related to moulting proteins or have a reproductive function (Tsay et al., 2002; Medawar, 2009 ) so further study is needed using males or nymphs for comparisons.
The Der 2 levels were equivalent to, or slightly higher than the Der 1 levels. Yasueda et al. (1989 Yasueda et al. ( , 1994 reported two groups of allergens were nearly equivalent in ground mite body samples, but they also demonstrated the proportion of Der 1 : Der 2 in whole culture extracts was ῌ10 : 1. This one-sided ratio was also seen in the results of Yano et al. (2007) . In that study, the same ELISA kits as current study were used to quantify the allergens in school dust. These results implicated that vacuum cleaner selectively aspirates Der 1 more than Der 2 from floor materials, or Der 2 is degraded faster than Der 1 in the house dust.
In Japan, a standard HDM level has been proposed to evaluate the level of Der 1 allergens, or the mite population density by MEXT and MHLW. These Japanese ministries have not yet suggested that a Der 2 standard be used. Meanwhile, the simplified detection test kits for commercial use, which are the most popular tools for allergen inspection, can not measure the Der 1 levels. Instead these kits measure the Der 2 or the guanine levels (Bronswijk, 1986; Mistrello et al., 1998; Tsay et al., 2002; Yamano et al., 2006) . Correspondence between mite population density and Der 2 levels has not been determined, so the test kits have not been adapted for the purpose of allergen evaluation. A Der 2 standard for evaluation of mite infestations should be established in addition to the Der 1 and mite population density standards.
